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osting by E
cense.Abstract A novel tetradentate macrocyclic ligand viz. 1,5,8,13-tetraaza-2,9-dimethyl-4,11-diphe-
nylcyclotetradeca-2,4,9,11-tetraene (L) and its complexes with PdII, PtII, RhIII and IrIII metal ions
were synthesized. These complexes were characterized by elemental analysis, molar conductance,
magnetic susceptibility measurements, IR and electronic spectral studies. On the basis of molar con-
ductance and elemental analyses the general stoichiometries of the complexes were found to be
[M(L)]Cl2 and [M
0(L)Cl2]Cl, where M= Pd(II), Pt(II) and M0 =Rh(III), Ir(III). The spectral stud-
ies reveal the four coordinated square planar geometry for PdII and PtII complexes and six coordi-
nated octahedral geometry for RhIII and IrIII complexes. In vitro the synthesized ligand and its
metal complexes have been screened for bactericidal and fungicidal activities using disc diffusion
and food poison technique, respectively, at different concentrations. The organisms used in antibac-
terial investigation included Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and
for antifungal investigation Aspergillus-niger, Aspergillus-glaucus, Fusarium odum. The antimicro-
bial data reveal that the metal complexes act more as bactericidal and fungicidal agents as com-
pared to the uncomplexed ligand and the metal salts from which they derive.
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lsevier1. Introduction
The synthesis of macrocyclic ligands and their metal complexes
is a growing area of research in inorganic and bioinorganic
chemistry in view of their presence in many biologically signif-
icant systems (Zhang et al., 2001; Shakir et al., 1995; Hay
et al., 1997; Bang et al., 2000). The synthesis and study of mac-
rocycles have undergone tremendous growth in recent years
and their complexation chemistry with a wide variety of metal
ions have been extensively studied. Macrocyclic metal com-
plexes are considered to be the model of metalloporphyrins
(Nonomura et al., 1994) due to their intrinsic structural
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diverse processes such as the separation of ions by transport
through artiﬁcial and natural membranes, liquid–liquid or so-
lid–solid phase transfer reactions, preparation of ion-selective
electrodes, isotope separation and in the understanding of
some natural processes through mimicry of metalloenzymes
(Altava et al., 1997). Macrocyclic ligands and their metal com-
plexes have a wide range of biological properties. A lot of work
has been done on transition metal complexes with macrocyclic
ligands such as antifungal (Chandra and Sharma, 2002a), anti-
bacterial (Raman et al., 2005; Singh et al., 2007), anticancer
(Fathi Aqra, 2003), antiviral (Hunter et al., 2004, 2007),
anti-HIV activity (Laulloo and Witvrouw, 2000).
It has been well established that platinum and palladium
complexes are of biological importance due to the carcinostatic
activity and interest in biological chemistry (Chandra et al.,
2008; Chandra and Tyagi, 2009a). Complexes of rhodium were
reported as useful laboratory and industrial homogenous
catalysts (Chandra and Sharma, 2002b).
In view of the above applications, in the present paper we
report the synthesis, spectral and antimicrobial studies of PdII,
PtII, RhIII and IrIII metal ions with a tetradentate macrocyclic
ligand (L).
2. Experimental
2.1. Reagents and apparatus
All the chemicals used were of AnalaR grade and procured
from Sigma–Aldrich. Metal salts were purchased from
E. Merck and were used as received. The C, H and N were ana-
lysed on Carlo-Erba 1106 elemental analyzer. Molar conduc-
tance was measured on a ELICO (CM82T) conductivity
bridge. Magnetic susceptibility was measured at room temper-
ature on a Gouy balance using CuSO4Æ5H2O as a calibrant.
Electron impact mass spectrum of the ligand was recorded
on JEOL, JMS, DX-303 mass spectrometer. 1H NMR spec-
trum of ligand was recorded on a Hitachi FT–NMR, model
R-600 spectrometer using CDCl3 as the solvent. Chemical
shifts are given in ppm relative to tetramethylsilane. The elec-
tronic spectra of the complexes were recorded on a Shimadzu
UV mini-1240 spectrophotometer using DMSO as a solvent.
IR spectra were recorded as CsI pellets on a FT-IR spectrum
BX-II spectrometer in the region 200 cm1–4000 cm1.
2.2. Synthesis of ligand
A hot ethanolic solution (20 mL) of benzoyl acetone (3.24 g,
0.02 mol) and a hot ethanolic solution (20 mL) of o-Phenylene-H5C6 CH3
+
H2
O O
N NH2
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Figure 1 Scheme of sydiamine (2.16 g, 0.02 mol) were mixed slowly with constant
stirring. This reaction mixture was reﬂuxed at 85 C (±5) for
15–16 h in the presence of few drops of concentrated HCl
(pH @ 3–4). On cooling, a solid yellow precipitate was formed,
which was ﬁltered, washed with cold EtOH and dried under
vacuum over P4O10 (scheme of synthesis Fig. 1).
Yield: 68%, mp: 196 C. Anal. calcd. (%) for [C32H28N4] C:
83.47; H: 6.08; N: 13.91. Found % C: 83.52; H: 5.95; N: 13.86.
2.3. Synthesis of complexes
A hot ethanolic (20 mL) solution of the ligand (0.001 mol) and
a hot ethanolic (20 mL) solution of the corresponding metal
salt (0.001 mol) were mixed together with constant stirring.
The reaction mixture was reﬂuxed for 5–7 h at 80 C. On cool-
ing a colored precipitate was formed. It was ﬁltered, washed
with cold EtOH and dried under vacuum over P4O10.
2.4. Antibacterial screening
The antibacterial activities were evaluated against Sarcina
lutea, Staphylococcus aureus and Escherchia coli, by the Disc
Diffusion Method using a nutrient agar medium (Chohan
et al., 2001; Raman et al., 2003; Chaudhary et al., 2005; Chan-
dra et al., 2009b). Nutrient agar medium was prepared by
using peptone, beef extract NaCl, agar–agar and distilled
water. The test compounds in measured quantities were dis-
solved in DMF to get concentrations of 500, 250 and
125 mg/L of compounds. 25 mL nutrient agar media (NA)
was poured in each petriplates. After solidiﬁcation 0.1 mL of
test bacteria was spread over the medium using a spreader.
The disc of Whatmann No. 1 ﬁlter paper having the diameter
5 mm each containing (1.5 mg cm1) of compounds were
placed at 4 equidistant places at a distance of 2 cm from the
center in the inoculated petriplates. Filter paper disc treated
with DMF served as the control and Streptomycin was used
as a standard drug. All the determinations were made in dupli-
cate for each of the compounds. An average of two indepen-
dent readings for each compound was recorded. These
petriplates were kept in the refrigerator for 24 h for pre-diffu-
sion. Finally petriplates were incubated for 26–30 h 28 ± 2 C.
The zone of inhibition was calculated in mm carefully.
2.5. Antifungal screening
The preliminary fungitoxicity screening of the compounds at
different concentrations were performed in vitro against the
test fungi, Aspergillus niger, Aspergillus glacius and Aspergillus
ﬂavus by the Food Poison Method (Chandra and Tyagi, 2009c;N
N N
N
C6H5
CH3
H3C
H5C6
lux  15-16 h
H = 3-4
nthesis of ligand (L).
Table 2 IR spectral data of ligand (L) and its metal
complexes.
Compound Assignments (CsI, cm1)
m(C‚N)ph m(C‚N)me m(M–N) m(M–Cl)
L 1594 1566 – –
[Pd(L)]Cl2 1582 1541 442 297
[Pt(L)]Cl2 1575 1547 422 292
[Rh(L)Cl2]Cl 1565 1536 435 320
[Ir(L)Cl2]Cl 1570 1540 450 315
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prepared by dissolving the compounds in DMF. Chlorothalo-
nil used as commercial fungicide and DMF served as control.
Potato dextrose agar medium was prepared by using potato,
dextrose, agar-agar and distilled water. Appropriate quantities
of the compounds in DMF were added to potato dextrose agar
medium in order to get a concentrations of 500, 250 and
125 mg/L of compound in the medium. The medium was
poured into a set of two petriplates under aseptic conditions
in a laminar ﬂow hood. When the medium in the plates was
solidiﬁed, a mycelial discs of 0.5 cm in diameter cut from the
periphery of the 7 days old culture and it was aseptically inoc-
ulated upside down in the centre of the petriplates. These trea-
ted petriplates were incubated at 26 ± 1 C until fungal
growth in the control petriplate was almost complete.
The mycelial growth of fungi (mm) in each petriplate was
measured diametrically and growth inhibition (I) was calcu-
lated by using the formula:
Ið%Þ ¼ C T
C
 100
where 90 is the diameter (mm) of the petriplates and C is the
growth of the fungus (mm) in the control and t is the growth
of the test compounds.
3. Results and discussion
3.1. Physical properties
The analytical data of the ligand and its complexes with their
physical properties are given in Table 1. All the complexes
have shown good solubility in all the common organic solvents
but they were found insoluble in ether, water, acetone and
benzene. The interaction of the ligand with metal chloride in
1:1 molar ratio in EtOH yielded stable solid complexes corre-
sponding to the general composition [M(L)]Cl2 and
[M0(L)Cl2]Cl (M = Pd(II), Pt(II); M0 =Rh(III), Ir(III);
L = ligand). The molar conductivity values of the complexes
were measured in DMSO solution. The Pd(II) and Pt(II) com-
plexes that lie in the range (190–198 X cm2 mol1) indicate the
1:2 electrolytic nature. However, the Rh(III) and Ir(III) com-
plexes show a 1:1 electrolyte nature (80–90 X cm2 mol1).
3.2. Mass spectrum
The mass spectrum of the free ligand (L) which shows the
molecular ion peak at m/z 468 [M+] conﬁrms the proposed
formula corresponding to the macrocyclic moiety
[(C32H28N4)]. It also shows a series of peaks, i.e. 15, 72, 77,
130, 144, 188, 216 and 228u, etc. corresponding to various
fragments.Table 1 Analytical data and physical properties of the complexes.
Compound Empirical
Formula
Molar cond.
(X1 cm2 mol1)
Color M.P. (C
[Pd(L)]Cl2 PdC32H28N4Cl2 198 Light Brown 251
[Pt(L)]Cl2 PtC32H28N4Cl2 190 Light Brown 240
[Rh(L)Cl2]Cl RhC32H28N4Cl3 80 Black 280
[Ir(L)Cl2]Cl IrC32H28N4Cl3 90 Black 2623.3. 1H NMR spectra
1H NMR spectrum of the ligand (L) does not give any signal
corresponding to primary amine protons. It suggest the reduc-
tion of carbonyl groups. A multiplet in the d= 2.20–
2.64 ppm region, may be attributed to the imine methyl and
methylene protons of benzoylacetone (CH3–C‚N, 6H and
N‚C–CH2–C‚N, 4H), respectively. Another multiplet in
the region of d= 7.28–7.52 ppm, can be assigned to the aro-
matic ring protons.
1H NMR spectra of the complexes exhibits a signal at
d= 2.26–2.98 ppm attributed to the imine methyl and meth-
ylene protons of benzoylacetone (CH3–C‚N, 6H and N‚C–
CH2–C‚N, 4H), respectively. The red shifting of these signals
indicates that coordination takes place through azomethine
nitrogen.
3.4. IR spectra
The assignments of the signiﬁcant IR spectral bands of the
macrocyclic ligand and its complexes are given in Table 2.
The IR spectrum of the ligand does not exhibit any band cor-
responding to either free primary diamine or free keto group.
It suggests that the complete condensation of the amino
groups with keto groups. The bands at 1594 and 1566 cm1
are due to m(C‚N) vibrations of phenyl, and methyl, groups,
respectively. Strong and sharp absorption bands that appear in
the region 2800–3049 and 1402–1466 cm1 in all the complexes
may be due to the C–H stretching and bending vibrations,
respectively. On complexation the position of m(C‚N) band
is shifted by 18–34 cm1 towards the lower side. This indicates
coordination through the nitrogen atoms of the imine groups
(Chandra et al., 2002; Nakamura et al., 1979). This coordina-
tion behavior of the ligand is also proved by the appearance of
IR bands due to m(M–N) vibrations in the range 422–
450 cm1. The chloro complexes show the bands correspond-
ing to m(M–Cl) (Chandra and Sangeetika, 2004) in the region
292–315 cm1.) Yield (%) Elemental analysis, % found (calcd.)
C H N M
68 59.96 (59.93) 4.28 (4.34) 8.71 (8.68) 16.40 (16.43)
65 52.28 (52.30) 3.85 (3.81) 7.62 (7.58) 26.53 (26.57)
59 56.89 (56.72) 4.08 (4.13) 8.20 (8.27) 21.50 (21.59)
62 50.01 (50.06) 3.68 (3.65) 7.30 (7.34) 25.11 (25.16)
NN N
N
C6H5
CH3
H3C
H5C6
M
N
N N
N
C6H5
CH3
H3C
H5C6
Cl
Cl
M'Cl2 Cl
(a) (b)
Figure 2 Suggested structure of the complexes.
Table 3 Electronic spectral bands (cm1) and ligand ﬁeld parameters of the complexes.
Complex kmax (cm
1) Dq (cm1) B (cm1) C (cm1) b t2/t1 D1 (cm
1)
[Pd(L)]Cl2 18,760, 22,565 – – – – – 20,560
[Pt(L)]Cl2 19,920, 24,038 – – – – – 22,020
[Rh(L)Cl]Cl2 17,650, 20,960, 27,590 2261 414 1658 0.58 1.32 –
[Ir(L)Cl]Cl2 30,800, 3400 3085 212 850 0.32 1.11 –
52 S. Chandra et al.3.5. Electronic spectra
Three d–d spin-allowed transitions are expected corresponding
to the transitions from the three lower-lying ‘‘d’’ levels to the
empty dx2y2 orbital. The ground state is
1A2g and the excited
states corresponding to these transition are 1A2g,
1B1g and
1Eg
in increasing order of energy (West et al., 1996).Two d–d tran-
sitions are observed in the range of 18,760–19,920 cm1 and
22,565–24,038 cm1. These bands may be assigned to
1A1gﬁ 1A2g (m1) and 1A1gﬁ 1B1g (m2) transitions, respectively.
The electronic spectra of these complexes indicate the square
planar geometry around the Pd(II) and Pt(II) ion. By assuming
a value of F2 = 10F4 = 600 for Slater-Condon interelectronic
repulsion parameters for both Pd and Pt, it is possible to
calculate the value of D1 (Table 3) from the ﬁrst spin allowed
d–d transition. The splitting parameter increases in the
expected order Pt > Pd.
Rhodium(III) complex exhibits transitions at 17,650, 20,960
and 27,590 cm1. These bands resemble those of reported
transitions for other hexa coordinated rhodium complexes
(Sharma et al., 2007) and may be assigned 1A1gﬁ 3T1g,
1A1gﬁ 1T1g and 1A1gﬁ 1T2g, respectively which agree with
an octahedral geometry. The values of B and Dq were calcu-
lated from the positions of their electronic bands using the fol-
lowing equations (Lever, 1984);
m1 ¼ 10Dq 4Bþ 86ðBÞ
2
10Dq
;
m2 ¼ 10Dqþ 12Bþ 2ðBÞ
2
10Dq
The decrease in B value from the free ion value suggests
that there is a considerable orbital overlap with strongTable 4 Antibacterial screening data of ligand (L) and its complex
Compounds Diameter of inhibition zone (mm) (conc.
Sarcina lutea Ech
125 250 500 125
Benzoyl acetone – 08 10 –
o-Phenylenediamine – 09 14 –
L – 12 17 –
PdC32H28N4Cl2 14 20 28 17
PtC32H28N4Cl2 10 16 25 11
RhC32H28N4Cl3 12 17 26 15
IrC32H28N4Cl3 07 14 24 12
PdCl2 06 13 21 10
PtCl2 09 12 19 12
RhCl3 08 12 16 10
IrCl3 05 11 15 07
Streptomycin (standard) 16 22 30 18covalency in the metal ligand. Electronic spectrum of the
iridium(III) complex under study displays bands in the range
of 30,800 and 34,000 cm1, which may be assigned to 1A1gﬁ
1T1g (m1) and
1A1gﬁ 1T2g (m2) transitions in order of increasing
energy. The two transitions m1 and m2 have been used to evalu-
ate the ligand ﬁeld parameters (Chandra, 1992).
3.6. Suggested structure of the complexes
On the basis of above spectral studies the following structure
may be suggested for the complexes (Fig. 2).
3.7. Mode of action
The antimicrobial screening data (Tables 4 and 5) shows that
metal chelates exhibit more inhibitory effects than the parentses.
in lg mL1)
erchia coli Staphylococcus aureus
250 500 125 250 500
– 09 06 08 13
07 12 09 12 16
14 19 11 14 20
23 33 20 27 36
21 30 17 24 35
20 32 19 25 32
18 29 18 22 30
17 28 14 20 28
17 29 15 19 29
15 25 12 17 28
13 23 10 15 23
25 34 22 28 38
Table 5 Antifungal screening data of ligand (L) and its complexes.
Compounds Fungal inhibition (%) (conc. in lg mL1)
Aspergillus niger Aspergillus glaucus Fusarium odum
125 250 500 125 250 500 125 250 500
Benzoyl acetone 20 25 39 24 29 48 – – 14
o-Phenylenediamine 25 29 44 27 32 53 – – 17
Ligand L 32 45 51 39 43 65 20 26 35
PdC32H28N4Cl2 46 62 82 53 71 87 39 46 62
PtC32H28N4Cl2 49 61 85 52 76 90 40 51 68
RhC32H28N4Cl3 42 57 77 47 68 84 32 53 65
IrC32H28N4Cl3 43 59 80 50 70 87 35 49 59
PdCl2 40 55 75 45 65 80 30 45 60
PtCl2 38 52 79 44 61 76 28 40 55
RhCl3 37 49 74 39 62 71 29 41 52
IrCl3 35 51 70 40 59 73 25 35 47
Chlorothalonil (standard) 51 65 87 54 79 92 42 56 75
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plained on the basis of a chelation theory (Chohan and Pervez,
1993; Chohan and Praveen, 2000). It is known that chelation
tends to make the ligand act as more powerful and potent
bactericidal agents, thus killing more of the bacteria than the
ligand. It is observed that in complex the positive charge of
the metal is partially shared with the donor atoms present in
the ligands and there may be p-electron delocalization over
the whole chelating. This increases the lipophilic character of
the metal chelate and favours its permeation through the lipid
layer of the bacterial membranes. The other factors which also
increase the activity are solubility, conductivity and bond
length between the metal and the ligand. It has also been pro-
posed that concentration plays a vital role in increasing the de-
gree of inhibition; as the concentration increases, the activity
increases.
The bacterial growth inhibitory capacity of the compounds
follow the order:
PdC32H28N4Cl2 > RhC32H28N4Cl3 > PtC32H28N4Cl2 >
IrC32H28N4Cl3 > PtCl2 > PdCl2 > RhCl3 > IrCl3 >
ligand (L) > benzoyl acetone > o-Phenylenediamine.
All the compounds show fungal growth inhibition follow
the order:
PtC32H28N4Cl2 > PdC32H28N4Cl2 > IrC32H28N4Cl3 >
RhC32H28N4Cl3 > PdCl2 > PtCl3 > RhCl3 > IrCl3 >
ligand (L) > benzoylacetone > o-Phenylenediamine.
4. Conclusion
In this paper, we describe the spectral and antimicrobial stud-
ies of a tetradentate macrocyclic ligand and its PdII, PtII, RhIII
and IrIII complexes. Spectral studies that lead to the conclusion
for PdII and PtII complexes show square planar geometry while
RhIII and IrIII show octahedral geometry. The antimicrobial
data reveal that the metal complexes act as more bactericidal
and fungicidal agents as compared to the uncomplexed ligand
and the metal salts from which they are derived.Acknowledgement
Authors are thankful to the DRDO New Delhi for the ﬁnan-
cial support.
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